Background: Neighbourhood social capital might provide resources that can benefit chronic illness selfmanagement. Improved self-management is a possible mechanism behind the relationship between neighbourhood social capital and health of people with chronic illness. Methods: To test this mechanism, we collected data on self-management and self-rated health among a sample of 2091 people with chronic illness in 2013. Data on neighbourhood social capital were collected among 69 336 people in 3425 neighbourhoods between May 2011 and September 2012. A social capital measure was estimated with ecometric measurements. We conducted mediation analyses to examine whether the relationship between neighbourhood social capital and self-rated health was mediated through chronic illness self-management. Results: We found that neighbourhood social capital is related to chronic illness self-management only for people with chronic illness and mild physical disabilities and that, for this group, self-management mediates the relationship between neighbourhood social capital and health. Conclusion: Improved self-management is a mechanism behind the relationship between neighbourhood social capital and health for people with chronic illness and mild physical disabilities. It is possible that the self-management support needs of people with chronic illness with moderate or severe physical disabilities cannot be met by the resources provided in neighbourhoods, but more tailored support is necessary. More research is needed to discover mechanisms behind the relationship between neighbourhood social capital and health and elucidate which resources in neighbourhoods can benefit specific groups of people with chronic illness. 
Introduction
T here are differences in health between neighbourhoods. [1] [2] [3] [4] Among others, these health differences are related to social capital. Social capital is defined by the resources that develop through social relations. Individual social capital consists of resources that inhere in relationships between specific individuals. In contrast, neighbourhood social capital is defined by the resources that are available to those who belong to the neighbourhood community, 5 independent of the relationships they have with specific others. The resources provided through neighbourhood social capital can benefit health, for instance by promoting the diffusion of health information. Furthermore, neighbourhood social capital might stimulate social control over unhealthy behaviour. 6, 7 Additionally, psychosocial processes (feelings of safety, being respected) may positively influence health in neighbourhoods with more social capital. 6, 7 Not only does social capital benefit health of people in the general population, [8] [9] [10] [11] [12] neighbourhood social capital is also related to changes in health of people with chronic illness. 13 It is possible that neighbourhood resources benefit health of people with chronic illness because they contribute to chronic illness self-management.
Self-management of a chronic illness involves the medical management of the condition(s), such as dealing with symptoms and complex medication regimes. It also involves broader challenges, such as coping with the emotional impact of a chronic illness, making lifestyle adjustments, and integrating a chronic illness into existing roles and responsibilities people fulfil in their daily life.
14, 15 Although health care professionals can support people with chronic illness in their self-management [15] [16] [17] , the largest part of chronic illness self-management takes place outside the health care setting. Therefore, self-management predominantly is a task of patients and their social network. 18, 19 Next to support for selfmanagement from close ties, such as friends and family, people with chronic illness might also benefit from resources generated through weaker ties in other environments, such as the neighbourhood. 20 It is unlikely that resources generated in the neighbourhood are illness specific, and provide information that is relevant specifically for medical management or complex medication regimes. However, these resources might benefit the way people handle lifestyle adjustments, and succeed to integrate a chronic illness into existing roles and responsibilities they fulfil in their daily life. As previously mentioned, one of the resources generated in neighbourhoods with more social capital, can be increased access to relevant information. 6, 7, [21] [22] [23] [24] Access to information in neighbourhoods can possibly benefit self-management of people with chronic illness for instance through practical information about the services and support the municipality offers, information on available social support groups, or advice about lifestyle changes. Furthermore, informal social control in neighbourhoods can promote the adoption of healthy behaviours. 25, 26 Also, increased emotional wellbeing in neighbourhoods with more social capital through feelings of safety, respect and psychosocial support 6, 7 may help people with chronic illness to gain confidence and overcome barriers to self-management. We will investigate whether neighbourhood social capital is related to self-management of people with chronic illness, and whether self-management is a mechanism behind the relationship between neighbourhood social capital and health. If chronic illness self-management is a mechanism behind the relationship between neighbourhood social capital and health, stimulating the development of neighbourhood networks (for instance by providing neighbourhood meeting points and organizing social gatherings) might be a fruitful way to support selfmanagement of people with chronic illness.
We will test the following hypotheses:
H1: There is a positive relationship between neighbourhood social capital and chronic illness self-management.
H2: Chronic illness self-management is a mechanism behind the relationship between neighbourhood social capital and health.
Methods

Data collection
Participants
We analyzed data from the 'National Panel of people with Chronic illness or Disability' (NPCD). This is a nationwide representative prospective panel study in The Netherlands, established to gather information on the consequences of chronic disease and disability from a patient perspective. The NPCD is registered with the Dutch Authority on Personal Data; all data are collected and handled in accordance with the privacy protection guidelines of this Authority (for more information on the NPCD, see 13 ). We used data from a questionnaire sent to people with chronic illness in 2013. The questionnaire in 2013 was sent to a sample of 2545 people with chronic illness, of which 2091 (82.2%) returned the questionnaire. Nonresponse analyses showed that people with chronic illness who filled in a questionnaire were on average older than nonresponders (63 vs. 57 years old), and more often had multiple chronic diseases (49 vs. 42%).
Measurements
General self-rated health Self-rated health was assessed with the scale 'perceived general health' from the RAND-36 short-form health status survey. 27 Respondents are asked to answer the following question: 'In general how would you say your health is?' with answers on a 5-point scale, ranging from 'excellent' to 'poor'. Respondents then select answers that best describe how much they agree with four statements about their health on a five-point scale ranging from 'totally agree' to 'totally disagree'. The statements are: 'I seem to get sick a little easier than other people', 'I am as healthy as anybody I know', 'I expect my health to get worse' and 'My health is excellent'. The scale score of perceived general health is the sum of these five items, rescaled to range from 0 (worst health) to 100 (best health). 27 In our study, Cronbach's alpha of the scale was 0.81, indicating a high internal consistency.
Self-management
The questionnaire in 2013 included a Dutch version of the twelve item self-rated Partners in Health scale (PIH-Dutch). The Partners in Health Scale has been shown to be a valid and consistent measure of patient self-management ability. 28 The items cover a number of areas, such as to what extent patients manage the consequences of a chronic disease, actively participate in decision making in their treatment, have knowledge of their condition and treatment, and feel able to manage symptoms. As the content of the Dutch version differs from the original version, we used a different factor structure. 29 As previously mentioned, we expect that the resources provided in neighbourhoods are relevant for the ability people have to cope with the general consequences of a chronic disease in their daily life, and not as relevant for their interaction with medical professionals or for their ability to perform disease specific management tasks (such as adhering to complex medication regimes or monitoring blood sugar levels). Therefore we only use the scale 'coping with the consequences of a chronic disease' as a self-management measure in this study. Scores on this scale range from zero to eight with higher scores indicating better selfmanagement. The items belonging to this scale measure whether people can deal with the effect of their condition on their physical activities (such as walking, domestic chores), on their feelings (emotions and mental wellbeing), on their social contacts and relationships, and whether they succeed in maintaining a healthy lifestyle (not smoking, moderate alcohol use, healthy diet, regular exercise, dealing with stress). We calculated an average score across the four items belonging to this scale, if people had filled in at least three of the items (Cronbach's alpha = 0.84).
Individual confounders Demographic characteristics
We included a number of demographic characteristics, namely: sex; age in 2013; educational level, coded as either low (no education until the lowest high school degree), intermediate (vocational training and the highest two high school degrees), high (university of applied sciences degree and university degree); living status (living alone or living together with a partner or children); and net equivalent income. Net equivalent income was defined as the sum of the monthly net incomes of all household members corrected for household composition. 30 If information on household composition was not available we used uncorrected net income in the analyses.
Disease characteristics
We also included a number of disease characteristics, namely: the nature of the first diagnosed chronic disease as reported by the general practitioner, duration of the first diagnosed chronic disease, the number of chronic diseases (ranging from 1 to '3 or more'), and the presence of physical disabilities (no disabilities, mild, moderate, or severe physical disabilities) as measured by a self-reported validated Dutch questionnaire that deals with activities in daily life and the ability to see/ hear (for more information see 31 ).
Neighbourhood social capital Information about neighbourhood social capital was acquired through the 'Housing and Living Survey 2012' (WoOn), commissioned by the Ministry of the Interior and Kingdom Relations. WoOn 2012 is representative of residents of the Netherlands of 18 years and above. The data were collected among 69 336 people between September 2011 and May 2012 (response rate of 58%) in 3425 neighbourhoods with an average of 20 respondents per neighbourhood. In our study neighbourhoods were spatially defined based on four-digit postal codes. Postal codes in the Netherlands are used to identify relatively small geographical areas that comprise between 1 and 8 km 2 and have on average 4000 residents. 32 In urban regions, these areas correspond with urban neighbourhoods; in rural regions, they can encompass small villages. Statistics Netherlands gave us access to data of neighbourhoods that had a minimum of three respondents; resulting in a dataset containing 2544 neighbourhoods with an average of 27 respondents per neighbourhood. We used the postal code of the residential address of people with chronic illness to add the information on neighbourhood social capital to the dataset containing information on self-management.
Social capital was based on five questions about contact with direct neighbours, contact with other neighbours, whether people in the neighbourhood know each other, whether neighbours are friendly to each other; and whether there is a friendly and sociable atmosphere in the neighbourhood. We applied ecometric analysis, using a three-level hierarchical model, 33 to aggregate the measurement of social capital to the neighbourhood level. We adjusted for sex, age, education, income, employment status, home ownership and years of residence 34 (for more information see
13
). The ecometric method adjusts for differences in the number of respondents per neighbourhood. Also, the model parameterizes the measurement error variation and takes into account item difficulty. The ecometric model partitions variance into three components: variation among neighbourhoods, variation among individuals, Chronic illness self-management 595
and variation within individuals among items used for the social capital measure. The reliability of the social capital measure on the neighbourhood level was 0.74.
Neighbourhood variables
Urbanity
On the neighbourhood level we included the urbanity of the municipality in which a given neighbourhood is located. Urbanity was provided by Statistics Netherlands (CBS), and was based on the number of addresses per km2 (1= Urban = More than 2500 addresses/km 2 , 2= Semi-urban = 1500-2499 addresses/km 2 , 3= Intermediate urban-rural = 1000-1499 addresses/km 2 , 4 = semirural = up to 1000 addresses per km 2 , 5 = rural = up to 500 addresses per km 2 ).
Socioeconomic status of the neighbourhood
As an indicator of the socioeconomic status of the neighbourhood we used a measure of average annual taxable income per household in the neighbourhoods, based on information provided by Statistics Netherlands (CBS). Average annual taxable income was divided into four categories; less than 22 100 euro per year, between 22 101 and 30 000 euro per year, between 30001 and 35 739 euro per year, and more than 35 739 euro per year. In the analyses, we included the percentage of households per neighbourhood with a taxable income less than 22 100 euro per year.
Analysis
Descriptive statistics were applied to describe our sample. Using STATA version 14, we conducted multilevel regression analyses with respondents nested in neighbourhoods. First; we examined whether there was a relationship between chronic illness selfmanagement and neighbourhood social capital. Second, we examined whether the relationship between neighbourhood social capital and self-rated health was mediated through chronic illness self-management (figure 1). To run multilevel mediation analyses we used STATA'S 'Generalized structural equation model estimation command' (gsem). The indirect effect was examined through the postestimation command 'nlcom' provided by Stata. Nlcom computes indirect effect coefficients and their standard errors. Regression analyses included the urbanity of a neighbourhood, and demographic and disease characteristics. To enhance interpretability of the results, we centred the continuous confounders. Continuous variables were tested for linearity. No signs of nonlinearity were found. Whereas linear regression assumes that model residuals are both normal and identically distributed, in our regression models residuals were not normally distributed. Therefore we ran the models using robust (White-Huber) standard errors, to take into account the violation of this assumption. 35 Not all people with chronic illness that responded to the questionnaire were included in the analyses. First, 163 people were excluded because they did not provide information on selfmanagement. Additionally, for 81 people we did not have information on neighbourhood social capital. 311 people were excluded because they had missing data on demographic and illness characteristics.
Univariate and multivariate regression analyses showed no significant differences between respondents who were excluded from the analyses and respondents who were included, with regard to selfmanagement, social capital and demographic and illness characteristics. Therefore, we do not expect that results would be different if we would include these respondents. Table 1 displays sample characteristics. Average self-management score of the respondents with regard to coping with the physical, emotional and social consequences of a disease, was 6.2 on a scale of 0-8. Average perceived general health in our sample was 49 points on a scale of 1-100. This is lower than average perceived general health of the Dutch population (73 points on a scale of 1-100). 27 Table 2 displays neighbourhood characteristics.
Results
Sample characteristics
The relationship between neighbourhood social capital and chronic illness self-management
Neighbourhood social capital was positively related to selfmanagement in a model without confounding variables (Model 1, table 3) (Path a in figure 1 ).There was no relationship between neighbourhood social capital and self-management of people with chronic illness, when taking into account demographic and illness characteristics and neighbourhood characteristics (Model 2, table 3). Age and illness duration were positively related to chronic illness self-management, and the presence of mild, moderate or severe physical disabilities was negatively related to chronic illness selfmanagement.
As there was a strong effect of the presence of physical disabilities on chronic illness self-management, we ran additional analyses to investigate whether the effect of neighbourhood social capital on self-management differed according to the presence of physical disabilities. There was a positive relationship between neighbourhood social capital and self-management for people with mild disabilities (coef. = 0.13, std. err = 0.06, P = 0.027), but not for people without physical disabilities (coef.= 0.06, std. err= 0.06, P = 0.349), moderate (coef. = À0.05, std.error = 0.07, P = 0.509) or severe (coef. = À0.07, std.error= 0.09, P = 0.459) physical disabilities. Based on these results we examined whether selfmanagement mediates the relationship between neighbourhood social capital and health only for people with chronic illness and mild physical disabilities. Chronic illness self-management Self-rated health Figure 1 Conceptual model of the associations between neighbourhood social capital, chronic illness self-management and self-rated health 596
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For people with chronic illness and mild physical disabilities, there was a positive relationship between self-management and self-rated health (path b in figure 1 , coefficient = 5.46, std. error = 0.39, P = 0.000).
In a model without chronic illness self-management, there was a positive association between neighbourhood social capital and selfrated health of people with chronic illness and mild physical disabilities (path c in figure 1, coefficient = 2.37 , std.error = 0.98, P = 0.016). In a model including chronic illness self-management, there was no longer a significant association between neighbourhood social capital and self-rated health of people with chronic illness and mild physical disabilities (patch c' in figure 1, coefficient = 1.55, std. error= 0.98, P = 0.113).
The results of the 'nlcom' command provided in STATA indicated that chronic illness self-management was a mediator between neighbourhood social capital and self-rated health of people with chronic illness and mild physical disabilities. The indirect effect of neighbourhood social capital on self-rated health through chronic illness self-management was significant (coefficient = 0.66, std.error = 0.30, P = 0.027). This means that of the total positive effect of neighbourhood social capital on self-rated health (coefficient = 2.21, std. error = 1.05, P = 0.035), 29.7% was mediated through chronic illness self-management.
Discussion
We investigated whether neighbourhood social capital was related to chronic illness self-management and whether the relationship between neighbourhood social capital and self-rated health was mediated through chronic illness self-management. We found that neighbourhood social capital was positively related to selfmanagement of people with chronic illness and mild physical disabilities. We found that a third of the total effect of neighbourhood social capital on self-rated health for people with mild physical disabilities was mediated through chronic illness self-management.
Previous studies have found significant associations between selfmanagement of people with diabetes and the individual perceptions of neighbourhood characteristics, such as neighbourhood problems (including, among others, crime, trash, access to exercise facilities), neighbourhood safety, neighbourhood aesthetics and experienced social cohesion and support in the neighbourhood. 36, 37 As far as we know, this is the first study to focus on the relationship between neighbourhood social capital and chronic illness selfmanagement. We found that neighbourhood social capital was only related to self-management of people with chronic illness and mild physical disabilities. It is possible that neighbourhood resources do not benefit self-management of people without physical disabilities as they experience few self-management challenges and are not in need of neighbourhood resources to improve selfmanagement. The presence of moderate or severe physical disabilities on the other hand severely hinders coping with the consequences of a chronic disease. 29 It is possible that neighbourhood social capital does not provide resources for people with chronic illness and moderate or severe physical disabilities. It is for instance possible that people with chronic illness and mild disabilities benefit from increased access to information or social norms about exercise and an active lifestyle, whereas people with moderate or severe physical disabilities are unable to benefit from information about exercise programs. Our findings are based on an explorative analysis that should be independently tested on a different dataset.
The lack of a relationship between neighbourhood social capital and self-management, may (partly) be due to our operationalization of the neighbourhood. There are many approaches to delineating the neighbourhood. Most quantitative studies of neighbourhoods rely on census data or political boundaries to operationalize the neighbourhood (for a discussion on the operationalization of the neighbourhood, see for instance [38] [39] [40] . It is possible that we would have been able to discover neighbourhood social capital effects on chronic illness self-management when using a smaller level of aggregation to define the neighbourhood. It is unlikely that individuals have strong ties with the majority of the other people in a neighbourhood measured on the scale of the neighbourhoods in our study (based Chronic illness self-managementon four-digit postal codes). However, resources provided by neighbourhood social capital that can benefit health and selfmanagement, such as the transmission of information as well as informal social control, can be provided through weak ties and do not require dense social networks. 24 A strength of this study is that we have a measure of neighbourhood social capital not based on data collected among the chronically ill in our sample, but among a representative sample in the general population. A weakness of this study is that we do not have information about individual connections of people with chronic illness to the people in their neighbourhood. However, previous research has shown that neighbourhood social capital is related to changes in self-rated general health of people with chronic illness, when taking individual social capital into account. 13 To gain more insight into the possible benefits of neighbourhood social capital for people with chronic illness, it is relevant to systematically investigate the presence of specific types of resources in neighbourhoods. 
